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Historical Remarks On Non-Linear Flow 
Courant and Friedrichs ())relate that Poisson (17), in 1808, 
determined what was, in effect, a simple wave solution of the differen-
tial equation of flow in an isothermal gas: u = F [ x - (u+a)t], F being 
an arbitrary functiono 
"In 1848, Challis (2) observed that such an equation cannot al-
ways be solved uniquely for the velocity u. To obtain a unique solution, 
Stokes (26) proposed to assume that a discontinuity in the velocity 
begins at the time when du/dx becomes infinite. Using the laws of con-
servation of mass and momentum he then deduced two discontinuity condi-
tions for an isothermal gas. Stokes argued that discontinuities would 
never occur...:physically because any tendency to a discontinuity would 
be smoothed out by viscous forces. Furthermore he indicated that flows 
involving a discontinuity must also involve some phenomena of reflection. 
In 1858, Earnshaw (4) developed the simpl'e wave solution for the 
flow of gases satisfying any relation P = P(fJ). He reasoned that since 
the local velocity of propagation increases across a compression wave, 
such a wave would be perpetually gaining on its front, and eventually a 
bore or discontinuity would form. 
Independentlyj Riemann (2l)j in 1860, developed the theory of 
the simple wave and the general solution of the flow problem by using 
"Riemann invariants". He rediscovered and elaborated the theory of 
shocks but made tacitly the incorrect assumption that the transition 
across a shock is adiabatic and reversible. 
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In 1869, Rankine (18) showed that no steady adiabatic process in 
which the only forces are pressure forces can represent a continuous 
change over a small finite region from one constant state to another • 
He proposed instead, that across this region a non-adiabatic process 
occurs subject to the condition that heat may be communicated from one 
particle to another but that no heat is received from outside. 
Rankine's condition agrees with the principle of conservation of 
energy. But Rayleigh (19), in 1910 and Hugoniot (9), in 1887 were the 
first to point out clearly that an adiabatic reversible transition in a 
shock would violate the principle of conservation of energy. In fact, 
Hugoniot showed that in the absence of viscosity and heat conduction 
outside the shock, conservation of energy implies conservation of entropy 
in continuous flow and also implies a change in entropy across a shock. 
From the conservation of energy, he also deduced the third shock con-
dition in its customary form, which is preferable to Rankine's form, 
although in the case of a perfect gas, Rankine's three shock conditions 
are equivalent to those of Hugoniot. 11 
In 1910, Rayleigh (19) pointed out that the entropy must increase 
in crossing a shock front and that for this reason a rarefaction shock 
cannot occur in a perfect gas. When we are dealing with a non-perfect 
gas, however, and under particularly abnormal conditions, Bradley (1) 
states that it is always possible that a rarefaction shock would not 
violate the entropy principle and Novikov (15) has, in fact, succeeded 
in creating rarefaction shocks in wet steam near the critical pressure. 
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The simplest way of producing a shock wave in the laboratory is 
by the instantaneous removal of a diaphragm separating two gases at 
different pressures. The interface acts as a piston so that a shock 
wave is produced in the low-pressure chamber and an expansion wave in 
the high-pressure chamber. The shock wave travelling down the tube heats 
the gas into which it travels, thereby permitting a very wide range of 
flow temperatures attainable • 
[4] 
c:::J--R 
V 
I 
I 
I [4J i[3J 
~ Diaphragm 
[ I ] 
S--c,. 
[2J I [,J 
Figure 1: Notation used in the analysis of the 
shock tube problem. S - shock wave, 
R - rarefaction wave, C - contact surface. 
Since the acceleration of the shock wave down the tube is usually 
considered to be instantaneous, the wave pattern of Figure 2a has been 
accepted as the standard representation of the waves generated in the 
shock tube. 
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Figure 2. (a) x,t diagram of the waves produced 
in the shock tube. (b) pressure dis-
tribution at some time t after diaphragm 
rupture. 
An experimental x,t diagram of the wave pattern in a simple shock 
tube has been obtained by Schlieren photography (6) and it can be seen 
in Figure 3 that the events which occur are quite similar to those pre-
dicted. 
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Figure 3 - The Wave System Produced in a Real Shock Tube 
From The Instant The Diaphragm Ruptures. 
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In order to solve problems of wave interaction by the "method of 
characteristics" (3), it has been found convenient to work with the 
pressure· - velocity plane. The reason for this becomes obvious when we 
consider the pressure distribution in the shock tube at some time after 
the diaphragm rupture. The contact surface represents an entropy dis-
continuity as there is no mass transport across it. This implies that 
both the pressures and the flow velocities are equal on the two sides of 
the interface. As the nature of the gases in the two sections may differ, 
the nomenclature of Figure 1 will be adopted and, as the specific heat 
is still to be considered as temperature independent, the·"'/' values will 
be completely specified by the subscripts 1 and 4. 
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____________ _._ ___________ u 
Figure 4. p,u diagram of the waves produced in 
a simple shock tube. 
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If we now plot pressure versus flow velocity for a rarefaction 
wave moving to the left into the gas in region 4, with known initial 
conditions, we obtain a curve as indicated by R in Figure 4. In the 
same way, a shock moving to the right in region 1 can only produce values 
of p and u related by curve S. Thus the intersection of the two curves 
specifies completely the pressure and flow velocity on the two sides of 
the contact surface and, hence, the whole of the properties of both the 
shock wave and the rarefaction wave. The other possible intersection, 
indicated by the dashed lines, would correspond to a discontinuity 
occurring at :x=oo, t=O, so that the solution has no meaning in this in-
stance. The wave pattern resulting from the diaphragm removal and the 
subsequent pressure distribution in the tube are illustrated in Figure 2. 
The following expression relates the diaphragm pressure ratio to 
the shock wave pressure ratio as derived in Appendix A: 
/- ~~[14-,J[ ~ -,] 
-y 21/ [[,; +!] ~ + [ ')f-/ l] 
214 
Y,-1 
'4 
The above equation is known as the Taub equation. It may also be 
pressed in terms of the shock Mach number, Ms: 
[2.1] 
ex-
[2.2] 
SHOCK 
PRESSURE 
RATIO l01 
p2 
pl 
Figure 5 
DIAPHRAGM PRESSURE RATIO 
Effect of Driver Gas on Diaphragm Pressure Ratio Necessary 
to Produce Specific Shock Pressure Ratios 
Unfortunatelytheseexpressions all fail to give the shock parameter as 
an explicit function of the diaphragm pressure ratio, so that it is most 
practical to employ the relations graphically. Plots of P4/Fi_ versus 
P2/P1 for the system used in this research - Helium/Ethane and also for 
the system Hydrogen/Ethane are given in Figure 5. 
It is. interesting to note that when the diaphragm pressure ratio 
is increased infinitely, the raub equation reduces to the limiting Mach 
number which is derived in Appendix A to be: 
Ms= ~ ['l, + /] 
a; '4- -I [ 2,3] 
The Taub equation also provided a limiting shock pressure ratio when 
the diaphragm pressure ratio becomes infinite; this limiting shock 
pressure ratio is, as shown in Appendix A as: 
[ 2.4] 
Therefore, in order to operate with maximum efficiency, the ratio 
a.4/a1 must be as high as possible. By comparison, the effect of changi~g 
lf, is small. Optimum performance of the tube, in terms of the strongest 
shocks, can best be obtained by the use of low-molecular weight, low 'Y, 
gas in the driver section and a high-molecular we~ght gas in the low 
pressure section. The actual limit on shock strengths which can be pro-
duced with conventional shock tube equipment is less than that described 
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by the above equations because of the existence of nonidealities involved 
in real shock tubes. These nonidealities will be discussed more fully 
in the Conclusions of this investigation. 
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For the study of chemical behavior, the shock tube possesses 
unique advantages as a research tool. To begin with, it opens up a 
temperature range for study which is virtually inaccessible by any other 
means. Shock heating provides a temperature rise which is completely 
homogeneous and is accurately and precisely defined by the hydrodynamic 
properties of the shock wave and the thermodynamic properties of the gas. 
The freedom from heterogeneous reaction in the shock tube has 
been demonstrated by Kevorkian, Heath and Boudart (11). They state that 
since the cooling rate due to the rarefaction wave is rapid - of the 
order of 105 °K/sec - the chemical reaction is quenched before diffusion 
to the walls occurs. Therefore, most reactions are considered to be 
studied free of surface reactions. Simple kinetic theory shows that the 
mean square displacement of a molecule is given by the relation 
~2 4-x = -CAt J [2.s] 
where c is the root mean square velocity, A is the mean free path and t 
is the time. At temperatures of 2,000 to 3,000 °K, c is about 2x105 
cm/sec and A, for an initial pressure of 10 mm of Hg abs., is about 10-4 
cm so that, in times of the order of a millisecond, which represents a 
maximum for most shock tube experiments, the mean displacement of a mole-
cule can only be about 1 mm. Therefore, only a very small fraction of 
the total gas molecules are able to diffuse to the walls and participate 
in surface reactions. Kevorkian, et. al., using the above.kinetic approach 
for the pyrolysis of methane, showed that 106 homogeneous phase collisions 
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occur for every molecule or radical that collides-with the wall. Because 
most of these homogeneous phase collisions will result in a chemical re-
action, any contribution of surface kinetics to the over-all kinetics 
will be negligible. 
Bradley (1) suggests that the study of chemical reactions in 
shock waves suffers from severe experimental limitations. Instead of 
having to measure a gross physical property with microsecond resolution, 
it becomes necessary to determine the properties of individual compo-
nents of a mixture in the same period of time. For many of the experi-
mental techniques which have been developed, the chemical system must 
be chosen to suit the technique rather than vice versa. Despite the 
unfortunate limitations imposed in this way, an important and diverse 
series of reactions have been investigated with shock wave techniques. 
Apart from the intrinsic interest in understanding the chemical 
behavior of molecules at high temperatures, the shock wave method is 
valuable in providing additional information on low temperature reaction 
mechanisms. In some 'instances, the same reaction mechanism has been 
found to be valid over a temperature range of several thousand degrees 
Kelvin. The kinetic behavior of the molecules can then be measured with 
a high degree of accuracy by combining data from different investigations. 
In other examples, transitions from one type of chemical change to another 
are found to occur as the temperature is raised. A study of the transition 
therefore permits data obtained from one particular reaction mechanism 
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to assist in understanding the chemical behavior on the other side of 
the transition. Finally, the highly idealized conditions existing in 
the shock tube help in determining whether many of the assumptions used 
in interpreting low-temperature data from conventional techniques are 
valid. Thus it becomes possible to decide whether heterogeneous reactions 
are of any significance and whether approximations used in estimating 
temperatures in flow systems are satisfactory. 
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The shock tube and gas charging system used in this investigation 
are shown schematically in Figure 10. The driver section consisted of 
four 5" long brass tubes connected to each other by collars which were 
silver soldered to the tubes. After performing the calculation to 
determine the length of the driver section, it was discovered that the 
driver section was constructed too long. To remedy this fault, a 0.7511 
diameter steel rod was cemented to the back of the driver section with 
PC-7 epoxy resin. The rod was sufficiently long so that the free space 
remaining in the driver section was J.9 inches. Ano-ring compression 
flange was machined from brass bar stock and silver soldered to the 
driver section, while a mating flange was silver soldered to the test 
section. A detail of these flanges is shown in Figure lla. The dia-
phragm bursting mechanism will be described at the end of this section. 
The test section was a 0.875 inch O.D., 18 BWG, J04 stainless 
steel condenser tube 8 feet in length. Probe mounts consisting of small 
monel pads were silver soldered to the tube at 1.00 foot intervals. These 
pads were drilled, tapped with t-28 threads, and then plugged with 
bolts for future use as mounts for probes of the type shown in Figure 
17. A"detail of the test section has not been included in this work 
because of its extreme simplicity. The only part of the test section 
that is shown in detail is the quench chamber diaphragm assembly, which 
is shown in Figure llb. 
The quench chamber diaphragm assembly consisted of a pair of 
square steel o-ring flanges, the grooved half being silver soldered to 
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the test section. A 2 foot length of tO inch steel pipe was employed 
as a quench chamber. The chamber was connected to the square flange 
by a 3" x l" steel concentric weld reducer with the 1 inch end facing 
the square flange. The quench chamber is detailed in Figure 12. 
As can be seen in Figure 10, the charge system consists of a 
manifold, a manometer, gas storage tank and a vacuum pump. All tubing 
for the apparatus was! inch O.D. heavy wall stainless steel. The mani-
fold valves were { inch Whitey stainless steel needle valves model 
IRS4-J16 while all other valves were t inch Whitey brass needle valves 
model IRS4. The manometer was "homemade" - consisting of a glass U-tube 
mounted on a wooden plank which had been covered with millimeter graph 
paper. Gas was mixed and stored in a standard 500 cu. in. stainless 
steel oxygen tank; and a Cenco Megavac pump pulled the vacuum necessary 
for the operation of the shock tube. 
The heart of the apparatus lies in the diaphragm used to separate 
the driver gas from the test gas and the method used to burst this dia-
phragm to initiate the formation of a shock wave. By experimenting with 
various materials and referring to Table 6.2-1 in Glass and Hall (8), 
the diaphragm that was selected consisted of one layer of Keuffel and 
Esser Stabilene mylar film sandwiched between a layer of Eastman Kodak 
Tri-X Microfilm. Since the microfilm had excellent shattering proper-
ties, and the mylar had excellent strength properties, it was found 
that the combination of the two materials in the above proportion gave 
highly desirable bursting characteristics. 
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With the diaphragm thus selected, a method for diaphragm removal 
was the next step. There were two possibilities open in this investiga-
tion - 1) the use of calibrated diaphragms and 2) the use of a dia-
/1 
phragm piercing mechanism. The time and expense involved in obtaining 
a material highly uniform in bursting pressure ruled out the first 
possibility so a diaphragm bursting mechanism was designed and built. 
A solenoid coil exerted force on a steel rod which, in turn, compressed 
a spring to move forward. This action caused a needle (which was sol-
dered to the end of the rod) to rip into and tear the diaphragm. For 
the purpose of strength and rigidity, the needle was a length of 
hypodermic stainless steel tubing. Details of the diaphragm bursting 
mechanism are shown in.Figure lJ. The bursting pressure could thus 
be controlled to the point of exact duplication of burst pressure and 
therefore exact duplication of shock temperature. 
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Helium 
Driver Gas 
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Pump 
Figure 10 - Schematic Diagram or the Apparatus 
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Figure 11a - Driver Section Diaphragm Flange Detail 
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Figure 11b - Quench Chamber Diaphragm Flange Detail 
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1011 Carbon Steel Pipe 
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Coupling (See Figure 11 b) 
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Figure 12 - Quench Chamber Detail 
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1. Leak Testing 
Prior to the use of the shock tube for the experimental portion 
of this work, the shock tube, together with the charge system and 
quench chamber, was tested for pressure and vacuum tightness. The 
former test simply involved replacing the driver section and quench 
chamber diaphragms with steel disks of the appropriate diameter and 
applying pressure by the use of helium cylinder gas. A pressure level 
of 600 psig was maintained in the test section while soap solution 
was applied to all fittings. Leaking fittings were tightened until soap 
bubbles failed to appear. At that point, the test section was con-
sidered pressure-tight. The driver section and manifold tubing were 
tested in a similar manner at a pressure level of 1,000 psi·g. The system 
was then leak tested under vacuum. 
The entire shock tube and each component (including gas sampling 
bulbs and the charge system) were leak tested both collectively and 
individually. The component (or components) to be tested was evacuated 
by a Cenco Megavac vacuum pump to a manometer reading of full vacuum 
(1essthan 1 mm of Hg. absolute). The main vacuum supply valve (see 
Figure (14) for a valve flowsheet and schedule) was then closed, thereby 
sealing off the test component, tubing and manometer to form a closed 
system. The leakage of air into the system was easily detected by a 
change in the level of the manometer fluid. During the first few pre-
liminary tests, the leak rate was observed to be so high as to be intoler-
able. After many unsuccessful attempts to lower the leak rate by 
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tightening all of the fittings, General Electric Glyptal paint was 
applied to all tubing fittings in an effort to seal any possible pin-
holes through which air was entering the system. The Glyptal was so 
effective that it virtually eliminated vacuum leaks, which became 
ap~arent when no measureable change occurred in the height of the mer-
cury column after an hour of testing. Thus the criterion for pressure 
and vacuum leak testing became (1) no measureable soap bubble formation 
under test pressure for pressure testing and (2) constant full vacuum 
reading on the manometer for an hour for vacuum testing. 
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VACUUM PUMP 
V-9 
V-11 ETHANE 
STORAGE 
V-4 
He V-2 
LIQUID 
NITROGEN 
MANOMETER VACUUM PUMP BATH 
VALVE DESCRIPTION SYMBOL Key: A=Autoclave 
V-1 DRIVER SECTION HELIUM SUPPLY BNWT Engineers 
V-2 HYDROCARBON CONDENSER INLET BNWT 
V-3 HYDROCARBON CONDENSER OUTLET BNWT 
V-4 MANIFOLD-MANOMETER CONNECTING SNWT 
B=Brass 
D=Diaphragm 
V-5 DRIVER SECTION VACUUM SUPPLY BNWT 
V-6 QUENCH CHAMBER VACUUM SUPPLY BNWT 
V-7 QUENCH CHAMBER SHUTOFF BDIP 
V-8 STORED ETHANE SUPPLY SNWT 
!=Imperial 
Valve Co. 
N=NeedJ.e Valve 
V-9 TEST SECTION FILLING AND EVACUA'rING SNWT 
V-10 MAIN VACUUM SUPPLY BDIP 
V-11 ETHANE STORAGE TANK SHUTOFF SNAX 
P=ttt NPT Ends 
S=316 Stainless 
Steel 
T=i-" Swagelock 
Ends 
W=Whitey Valve Example Symbol: B N w T 
• • Company • • • :Type of ends 
• • • 
• • X=Special • !Manufacturer 
• • Threads • • 
• :1:-ype of valve 
• 
• 
:Material 
Figure 14 - Valve Flowsheet and Schedule 
31 
•i' 
•') / 
f ' 
'! 
-, 
' .} . . 
2. Operation of the apparatus* 
The driver section and quench chamber diaphragms were mounted in 
their respective flanges and the flanges bolted together. All valves 
were opened with the exception of the driver section helium sipply valve 
and the stored ethane supply valve so that the vacuum pump would evacuate 
the entire apparatus. The pumping operation lasted for two hours by which 
time the apparatus was considered to be fully evacuated. All valves were 
then closed so that the driver and test sections could be individually 
flushed with helium and ethane respectively. The driver section was first 
filled with helium to 200 mm. of Hg. absolute and then evacuated - one 
flushing was considered to be adequate for this section. The test sec-
' tion was then filled with ethane to 200 mm. of Hg. absolute and evacuated 
this procedure was repeated for a second flushing. The test section was 
next filled with ethane to the appropriate test pressure. Then, after 
shutting the manifold-manometer connecting valve, the driver section was 
filled to the appropriate driver pressure. After checking the liquid nitro-
gen level surrounding the condenser, the diaphragmpiercing mechanism was 
activated, producing a shock wave which propagated down the test section, 
burst the quench chamber diaphragm, and was quenched at the position of that 
diaphragm. 
Due to the use of a driver gas at high pressure, the final reaction 
mixture will contain a large percentage of helium. In order to obtain 
*Reference should be made to Figure 14 to aid in more fully understanding 
the operations perfonned in this section. 
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characteristic peaks when analyzing the products on the gas chromatograph, 
the products had to be separated from the inert driver gas. It is the 
aim of the next section to explain this separation process and the pro-
cess of analysis by gas chromatograph, 
). Analytical Procedures 
A vacuum pump was employed to draw the reaction products through 
the hydrocarbon condenser at a very slow flow rate. In that condenser, 
the hydrocarbons, which were ethane and ethylene, condensed on the walls 
while the helium (and any hydrogen that was formed in the pyrolysis re-
action) was dravm out from the condenser by the vacuum pump. When the 
entire system was evacuated to a pressure of about 100 mm. of Hg. abso-
lute, the condenser valves were closed, the vacuum pump disconnected, 
and a brass needle valve, which contained a ground stainless steel 
standard taper joint, was connected to the outlet of the condenser. 
After an evacuated pyrex gas sampling bottle was mounted on the ground 
stainless steel joint with Dow-Corning high vacuum grease, the con-
denser was removed from the liquid nitrogen bath and allowed to reach 
room temperature. A sample was transferred to the gas sampling bottle, 
ready for analysis. 
The gas samples were analyzed on a chart recorder - equipped 
Perkin - Elmer Model 800 gas chromatograph equipped with an activated 
alumina column and two flame detectors (one of which was not operating 
due to difficulties in maintaining the flame). The temperature of the 
column was maintained constant at a value of 50°c. 
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In order to calibrate the gas chromatograph, three standardized 
gas samples were prepared, each one having a different ethylene to 
ethane ratio, but all three at about the expected compositions of the 
reaction products. Since these standardized samples were mixed at 
pressures below atmospheric, their compositions were available by equating 
mole ratios and partial pressure ratios. 
The equation for the chromatograph calibration curve was obtained 
by calculating a least squares fit of the standardized sample data. The 
chromatograph printouts (which are shown in the appendix along with the 
calibration curve) were in the form of two peaks per sample - one ethylene 
and one etha.fle peak. The areas under these peaks were measured with 
a planimeter*. Since two samples from each sample bottle were injected 
into the chromatograph, the composition in the sample bottle was taken 
as the average of the two samples. 
4. Gases used in this investigation 
The following is a list of the gases which were used in this 
investigation: 
Helium 
Ethane 
Ethylene 
Matheson Gas Company 
Matheson Gas Company 
Ohio Chemical & Mfg. Co. 
99.9c;fo min. purity 
99.0 %·min. purity 
99.0 % min. purity 
*The author wishes to express his gratitude to Sylvan D. Hersh of the 
University of Delaware Chemistry Department for his willingness in 
performing the planimeter measurements. 
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It has been shown experimentally (23, 24 and many others) that 
the higher hydrocarbons decompose first to ethylene and then to 
acetylene. 
C2H6 ~ Czfui. + Hz (5.1) 
CzH4~ C2H2 + H2 (5.2) 
These equilibria were attained very rapidly, the rate of decomposition 
of Equation 5.1 being too fast to be measured under the conditions 
used. This demonstrates that the most rapid reaction in the pyrolysis 
of hydrocarbons is carbon-carbon bond rupture to give c2 compounds, 
this proc~ss being more efficient than "stripping" of the hydrogen 
atoms from the carbon skeleton. The general pattern for pyrolysis 
of the par~fin hydrocarbons then takes the form: 
Two other investigations embodying different shock tube tech-
niques have since confirmed that acetylene and hydrogen are the main 
products of hydrocarbon pyrolysis(?, 8). Recent chemical shock tube 
studies at 1057 to 1418°K (23) have shown that this intermediate temp-
erature decomposition follows a Rice-Herzfeld chain with methyl and 
ethyl radicals as intermediates such as Equations 5.1-1 to 5.1-5. 
Miller and Churchill (14) indicate that Snow, Peck and Von 
Fredersdorf (25) postulated a set of free-radical mechanisms for the 
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pyrolysis of ethane and determined values of the rate constants which 
best fit existing experimental data. The reactions which they concluded 
to be important at 9000K were: 
(5.1-1) 
(5.1-2) 
(5.1-3) 
(5.1-4) 
(5.1-5) 
If the rate of production of each of the free radicals can be assumed 
zero, the following expression could be derived for the disappearance 
of ethane: 
k4 kf (C2H4) (Hz) 
l- K4KJ (CzH6J 
l+ kf i(CzH4) 
k4 (C2H6) 
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Miller and Churchill then suggest that due to Equation (5.1-6), the 
disappearance of ethane may be approximately first order or half order 
depending on the values of the concentrations and the coefficients. 
At temperatures above 1400°K, Snow, Peck and Von Fredersdorf 
conclude that all of the above reactions except that shown in Equation 
(5.1-5) plus 
(5.1-7) 
(5,1-8) 
and the reverse of Equation (5.1-1) are important. The resulting 
equation for the disappearance of ethane is regarded as being far too 
complicated to serve as a guide to correlation. 
Following the precedent of others (14), the data obtained in this 
investigation have been correlated in terms of the equation for the \ first order irreversible decomposition reaction: 
(5.4) 
The resulting equation for the first order reaction rate constant was, 
for the specific shock tube and specific conditions of this investi-
gation: 
k = -lJ,547 log 10 [ 1-l.7 x 10-4(1-Zm)k] (5.5) 
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where ZIil' was the dimensionless fractional conversion of ethane to ethylene 
and k was the first order reaction rate constant having units of recipro-
cal seconds. Equation (5.5) has been derived in Appendix A by the method 
shown in the article by Miller and Churchill (14). It has been solved 
for the three runs of this investigation and the results appear in 
Table 4 and Figure 15. Since k appears in both the arithmetic and the 
logarithmic terms in Equation (5. 5), the solution to that equation was 
obtained by the method of successive approximations. In this method, a 
value fork was assumed for any particular run. Since Zm was also known 
for that run, insertion of these values into the right-hand side of 
Equation (5.5) resulted in a calculated value fork. The two k's were 
compared and, if they differed by more than 1%, another approximation 
fork would be made. This computation continued until the two k's agreed 
to within 1%, this operation usually requiring from two to four trials 
for each run. 
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It may be concluded that the shock tube used in this investiga-
tion has been proven to be an adequate research tool as an aid in the 
determination of chemical reaction mechanisms. The results obtained 
by the pyrolysis of ethane were well within the range of existing experi-
mental data, as can be seen in Figure 15. There were, however, several 
possible sources of error which, for future investigations, every attempt 
should be made to reduce or eliminate, if possible. 
The principal sources of error lie in two categories; those errors 
due to nonideal diaphragm rupture, and those due to the effect of boundry 
layer formation and growth on the flow and thermal properties in the 
shock tube. There doesn't exist, at the present time, a method for 
completely eliminating the problem of nonideal diaphragm rupture. 
There are, however, a few rules of thumb to be followed for reduction 
of this error. Probably the most important rule to remember in selecting 
a diaphragm is to be sure that its bursting pressure is as close as 
possible to the desired diaphragm pressure ratio. This will lessen the 
chance of opening a small hole in the diaphragm and having driver gas 
leak into the test section. Another rule of thumb is to select a 
diaphragm that will tear or petal when burst so that the risk of 
damaging the shock tube by the force of rapidly accelerating diaphragm 
particles may be lessened or possibly eliminated. Errors that may be 
attributed to' boundry layer effects are shock wave attenuation and noniso-
thermal reaction. Because the boundry layer acts to attenuate the shock 
wave, the wave velocity decreases. As a result of this velocity decrease, 
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the shock Mach number also decreases, and therefore all of the flow prop-
erties are effected, resulting in a non-constant shock wave temperature. 
Glass and Hall (6) show that the attenuation of shock waves increases 
strongly with increasing driver-gas sound speed. Thus, the performance 
advantage of a high-sound-speed driver gas, as predicted by the ideal 
shock-tube theory (ioe., lower diaphragm pressure ratio), is somewhat 
offset in practice by the attendant increase in shock attenuation. In 
applications where strong-shock attenuation must be minimized, a rel-
atively inefficient driver gas may be a necessary compromise. Another 
method of reducing attenuation is to resort to a tube of larger flow 
diameter, since it is both theoretically and intuitively obvious that 
attenuation increases with decreasing flow diameter. 
If all of the above items were taken into consideration along 
with the recommendations listed in "Suggestions For Future Investigations•, 
then shock tube measurements would be at least as acceptable as the 
measurements of this investigationo 
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Figure 15 - A Comparison of the Data From This Investigation 
With the Results of Miller and Churchill 
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VII. SUGGESTIONS FOR FURTHER INVESTIGATIONS 
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Ferri (5) suggests that a simple probe with JOO volts impressed 
across an air gap (between the center electrode and the outer wall) can() 
be used for an ionization gage. The ionization of the gas due to the 
(,,, 
strong shock wave breaks down the resistance across the gap. With a gap of 
O.OJ inches the response time of the gage would be about 1 microsecond. 
This type of gage is suggested as being ideal for detecting strong shock 
waves at very low pressures in shock tubes since pressure gages and heat 
gages are generally unsatisfactory for these operating conditions. 
Since the driver section used in this investigation was designed 
for moderate pressures, an attempt to measure the shock wave velocity 
was unsuccessful. Knight and Duff (12) claim that under optimum con-
ditions, they have been able to obtain useful signals at shock tempera-
tures as low as 1000°K using a special electronic signal sharpener. 
Figure 17 shows an ionization gage of the type described by Ferri 
and Figure 16 the electronic timing circuit used in the attempt to 
measure the shock wave velocity. The system operates as follows: 
When the shock wave passes the ionization gage P1, 
the ionized gases near the gage "short out" the grid cir-
cuit of the thyratron tube T1, thereby causing the grid to 
become more positive than the critical breakdown potential 
(found to be -30 volts by experiment), the resistance to 
plate current flow is eliminated, and an instantaneous 
surge of current flowing through the plate circuit transmits 
a pulse to the Tektronix 545A oscilloscope. This action is 
then repeated by gage P2, resulting in the formation of two 
peaks .on the oscilloscope screen. After obtaining a picture 
of the two curves with a Dumont Oscilloscope camera (fitted 
with a Polaroid camera-back), and knowing the calibration 
setting for the oscilloscope in seconds/cm and the distance 
between the two peaks, the time required for the shock wave 
to traverse the distance between the two gages can be ob-
tained by simple arithmetic, and the velocity can then be 
obtained by dividing the probe separation by that time. 
J 
At high pressure ratios (much higher than were 
required for this investigation), sufficient ionization 
will occur to produce a strong signal. Unfortunately, at 
temperatures as low as 1410°K,the degree of ionization is 
too small to give measureable current flow. 
It is therefore suggested that, with slight modi-
fication of the apparatus, the timing circuit illustrated 
in Figure 16 may be capable of obtaining valuable data 
for attenuation studies. 
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30v 
R1 
R2 
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R4 
pl 
Pz 
+ 
: 300 V 
-
30v 
~ 
!1 
COMPONENTS 
Plate Resistor ( 1 Okohms, 25 watt~, 
Plate Resistor ( 1 Okohms, 25 watts, 
Grid Resistor (27kohms, 1 watt, 5%) 
Grid Resistor (27kohms, 1 watt, 5%) 
Ionization Probe (see Figure 17) 
Ionization Probe (see Figure 17) 
R4 
10',.6) 
10%) 
..-,:, Il Oscilloscope (Tektronix 545A Dual Trace Unit) 
T1 884 Thyratron Tube 
T2 884 Thyratron Tube 
Figure 16 - Timing Circuit 
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(0.0330" DIAHETER) 
t"-28 THREADS/INCH ----
INSULATOR No. 4 
(0.147" O.D.) 
Figure 17 - Detail of Ionization Probe 
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I APPENDIX A. DERIVATIONS 
.f 
.• 
A.l DERIVATION OF THE RELATION BETWEEN 
SHOCK PRESSl,JRE·RATIO.AND SHOCK MACH NUMBER 
-· !~-.(l2 [2] · 1~~ _. [I], 
Contact Shock 
Surface Wave 
Conservation of Mass: 
~us == ~ f us -u2 ] 
Conservation of Momentum: E p ·P. . 2- I =- IU2Us 
(A.1-1) 
(A.1-2) 
Conservation of Energy: Priu2 = P.us rE -F' +·lu.._f. (A.1-3) ~ · I L 2 ..... , 2 2 
Introducir:ig E_= C"T into Equation (A.1-3), realizing that C,,.2= C,1: 
Eliminating Tz from Equation (A.1-4) by using the Ideal Gas law: 
p 2 ·P,us h;~ ~c1~ + ~uJ] (A.Ml 
Rearranging Equation (A.1-5): 
o . = Cv1P2~ ,-q1· -C nu T + 1 n,,~ 2 ( ) 
':P2 R l~, . w s ' 2 rr.,..uc A.1-6 
9 . . Eliminating 
O 
from Equation (A.1..;6) by using. Equation (A.1-1): 
'2 . . 
Pu = Cv1P2us ·,r U.s-U21 ~ C Pusl + j_ P,Uau2' (A.1-7) . 
·2 2 R. . Us . vi I l 2 I 2 
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Introducing R=Cp - Cv into F.quation (A.1-7) and rearranging: 
(A.1-8) 
Eliminating u2 from Equation (A.1-8) by using Equation (A.1-2) and can-
celling terms: 
-~ 
-+ 
P; 
2 
LLs 
~ I 
2 
Realizing that 1=M; , Equation (A.1-10) becomes: 
(1/ 
2 2Cp 2 
-=r~cMs ~ ~r(- 1 
Cp-C 
I 1 
Cp+Cv 
I I 
Dividing numerator and denominator of Equation (A.1-11) by Cv1, 
realizing that 9r = 'V ; we obtain the result: 
C f/ 1 2 . 
~ _ 2,f Ms -[ ;f-1] 
f - ,f +! 
(A.1-10) 
(A.1-11) 
and 
(A.1-12) 
t . 
A.2 DERIVATION OF THE RELATION BETWEEN 
SHOCK TEMPERATURE RATIO AND SHOCK PRESSURE RATIO 
~U,2 [ 2JFL1s [1 J 
Laboratory 
Coordinate 
System 
Us - L1z ~ [ 2] ELLs [ 1] 
Stationary Shock Wave 
Coordinate System 
Writing the Conservation Equations: 
Conservation of Mass: f LJs = ~[LLs-U2] (A.2-1) 
2 2· 
Conservation of Momentum: P; +P,Us = ~ + ~ [ LLs-~J (A.2-2) 
P 1 2 P; 2 Conservation of Energy: [+L+-Us=E +-2 +-[Us-U] (A.2-J) / f 2 2~ 2 2 
Solving (A,2-1) for u2: (~=[P~-9 }1.s (A.2-4) 
Solving (A.2-2) for u2: U =LL_ fu~-[~-~] (A.2-5) 
2 s @ 
Eliminating uz from (A,2-4) and (A,2-5): 11s~ ~[~- ~] (A.2-6) 
P;[~-P;] 
Solving (A, 2-3) for uz and realizing that E + f = C, T + RT =CpT: 
~-~- 2c1jH-;J +~ (A.2-7) 
). Eliminating u2 from (A.2:-4) and (A.2-7): 
(A.2-8) 
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Eliminating u5 from (A.2-6) and (A.2-8): 
T-T= [Pz-f][~+~] 
2 I 2CP,f? R 
, , 2 
(A.2-9) 
Introducing the ideal gas law to eliminate P; and Pz in (A.2-9) and 
rearranging, we obtain the result: 
"1-1 Pz I+ - -q+/ P, (A.2-10) 
5J 
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,, 
f 
l 
f 
I 
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A.J DERIVATION OF THE RELATION BETWEEN 
SHOCK TEMPERATURE RATIO AND SHOCK MACH NUMBER 
Rewriting F.quation (A.1-12): 
(A.1-12) 
Rewriting Equation (A.2-10): 
(A.2-10) 
Substituting Equation (A.1-12) into Equation (A.2-10) and cancelling 
terms, we obtain the result: 
(A.J-1) 
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r 
i 
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A.4 DERIVATION OF THE RELATION BETWEEN 
DIAPHRAGM PRESSURE RATIO AND SHOCK MACH NUMBER: THE TAUB EQUATION 
From Courant and Friedrichs (3), the method of characteristics shows 
the P characteristic to be constant through the rarefaction fan, thus: 
P= za + U= 
"/-! Constant (A.4-1) 
Since the rarefaction fan extends from region 11 4" to region "3", and 
since the gas in region •4" is at rest (i.e., U4 = 0), Equation (A.4-1) 
becomes: 
(A.4-2) 
Solving Equation (A.4-2) for a3 and realizing that, since we are assuming 
"/ to be independent of temperature (hence )'3 = )'4): 
(A.4-3) 
For an isentropic process such as the change across a rarefaction wave: 
-Y Pp = Constant (A.4-4) 
Differentiating Equation (A.4-4) and realizing that "/4 = lj = constant: . 
da= 
Cl 
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(A.4-5) 
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Integrating Equation (A.4-5) between region "3" and region "4": 
2"/4 
!4_ = [3] "14--/ 
~ a3 
Realizing that P3 = Pz, we may obtain !4by: 
~ 
~= ~x~ ~ ~ ~ 
Introducing Equation (A.4-6) into Equation (A.4-7): 
Eliminating a3 in Equation (A.4-8) by using Equation (A.4-J): 
_]A 
P, - P2 a4- ~-! ~ "4.-1 :A __ 
ry P; a4 
Simplifying Equation (Ao4-9) and noting that UJ = uz: 
Multip]yinguz in Equation (A.4-10) by a1, we obtain: 
~ ~ 2~ 
~ = P2 [1-u2 "&!_ 9:J.-] ~-/ 
~~ a1 2a4 
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(A.4-6) 
(A.4-7) 
(A.4-8) 
(A.4-9) 
(A.4-10) 
(A.4-11) 
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\"' 
~-. 
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r 
f 
t' 
t' -l 
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By solving Equations (A.1-2) and (A.1-12) for u2, we obtain: 
a1 
U2 = -2_ ~s-J_ J (A.4-12) 
a1 ,f +J L Ms 
Eliminating u2 in Equation (A.4-11) by using Equation (A.4-12): 
a1 
2Y4 
~ = ~ [1- ?1 Y4-J (Ms- _j_ )11·- ~-/ (A.4-lJ) ~ P; a4 ,; +/ Ms ~ 
Eliminating~ from Equation (A.4-lJ) by using Equation (A.1-12), 
we obtain the result: 
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(2.2) 
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A.5 DERIVATION OF THE RELATION BETWEEN DIAPHRAGM PRESSURE RATIO 
AND SHOCK PRESSURE RATIO: THE TAUB EQUATION 
Solving Equation (A.1-12) for Ms: 
(A.5-1) 
s·ubstituting Equation (A.5-1) into Equation (A.4-13), we obtain the 
result: 
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A.6 DERIVATION OF THE EQUATION FOR THE LIMITING SHOCK 
MACH NUMBER 
Rewriting Equation (2.2): 
Rearranging Equation (2.2): 
iY4 
- 2 
[
I- al Y4I [M _ _ I Jfft;-~ 2;f Ms -[}f-1] 
~ rf +/ s Ms ~ [ ] ~ 
'Y;+/ P, 
I 
P4 . 
When~ is infinity, we obtain: 
pl 
M __ / = 
s Ms 
(2.2) 
(A.6-1) 
(A.6-2) 
Since~ is negligible compared to Ms, if we neglect Ml in Equation 
~ s 
(A,6-2), we obtain the limiting shock Mach Number: 
[M ]- a4 If+/ s a1 ~-/ max '4 
.59 
(2.3) 
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A.7 DERIVATION OF THE EQUATION FOR THE LIMITING SHOCK PRESSURE RATIO 
Rewriting Equation (2.1) 
a1 [ ] [ P2 ] 
~-/ - -/ §= P2 I- °4 ~ ~ 
P, Pi ;!)f [')f +/] ?t2 + [')f-t] 
Rearranging Equation (2.1) 
~[~-1][~-,] 
/-
21/~')f+i] ~ +[]-/]] 
R 
When~ is infinity, we obtain: 
_m 
~-/ 
~ 2 
2 [ a4] [a ']2 ]2 r, 2 
~= /+ Yt[!f+t] [a41 ± _a_l _lf_a ____ '4 _[~_'4-_I _+_LIJ_+1]_ 
P, [14-!]2 aiJ [14-!]2 
(2.1) 
(A.7-1) 
(A.7-2) 
If ~» a1 and~ is of the same order as If , then we can neglect [~~]2 ['4-1]2 from the square root term in Equation (A, 7-2) resulting 
in: 
p 
.2 =I+ 
~ 2)1[11+1] [:4,]
2 
[14-1]2 
60 
(A.7-3) 
For the Helium/Ethane system, the numerical value of the last term in 
Equation (A.7-3) is about 127. If we therefore neglect the "l", 
Equation (A.7-3) yields the resulting limiting shock pressure ratio: 
(2.4) 
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A.8 DERIVATION OF THE REACTION RATE EQUATION 
Each element of gas along the length of the tube was exposed to 
high temperature during the interval between the arrival of the compres-
sion and rarefaction waves. For a first order, irreversible, isothennal 
reaction the fractional decomposition of ethane in an element of gas has 
been related to the reaction time for the element as follows: 
Z ·-Kt = ;- e (A.8-1) 
If the waves and the gas particles behind the wave had a constant velocity, 
the reaction time for the elements of gas would vary from a maximum 
adjacent to the diaphragm to zero at the point where the reflected rare-
faction wave overtook the shock wave. The conversion for an element of 
gas at a distance x from the diaphragm was: 
Z - /- exp [-K tmax ( / - ~)] 
The conversion of the mixed product was then: 
L 
Zm = L JzdX 
0 
z = I- . I [/ _ e-K tmax J 
m K tmax 
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(A.8-2) 
(A.8-J) 
,(A.8-4) 
', I 
·, 
, a4tmax 
From Figure 9, T max = 1. 75, where tmax = • Thus, since a4 was 
14 
3338 feet per second and 14 was 3.9 inches, tmax became 170 microseconds. 
So 
(A.8-5) 
manipulation of the above equation resulted in 
(A.8-6) 
Taking the logarithm of both sides of the above equation: 
(A.8-7) 
or, dividing both sides of -1~7xlo-4 k, the following expression re-
lating reaction rate constant to fractional conversion was obtained: 
(5.5) 
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APPENDIX B. SAMPLE CALCULATIONS 
B.l 
(-,, <l 
CALCULATION OF THE SHOCK TUBE LENGTH 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I '--~~~o~~~~~~~~~~~--4-1~-x=~x 
L4 
Conditions for the experiment: 
T2 
Ti= 4.642 
P2 p = 36.87 
1 
Wl = 30.05 
W4 = 4.00 
P1 = 19 mm Hg P4 = 565 Psia 
abs. 
65 
Shock Tube Length 
: I 
I 
,,. 
~j ''.· f. t:\ 
t j: 
L~ 
: I 
'' ;, 
.. 
: . . r.; -·-•-7" ........ - •. 
According to Glass and Hall (6) and Lobb (13), the equations for the 
Points (X3, T3), (x3, Tc), and (Xs, Ts) are: 
Y4-/ -y4+/ 
X = IT[ Y4 ~']-, -[1£!_JfP3] 2~ J ( P3) 4"4 
3~~/ ~/l~ ~ (B.1-1) 
(B.1-2) 
y4-1 Y¢1 
_ [y4+/ J[ (\3) 214- J ( P3)- 4M. X - 2 --/ I- - -
C ~-/ ~ ~ (B.1-3) 
(B.1-4) 
(B.1-5) 
(B.1-6) 
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i 
,;f: 
" ·, i· :jj 
ti 
-- . 
-·-----·--- --------~-----·· 
P2 
- -/ 
U,2 =--i~==;::;R~; ==== 
a, q (~~')[( ~~:) ~2 +j 
Substituting the appropriate values, we obtain: 
~: 4.96 3= 4.46 
Xe= 14.16 T,.= C 8,93 
Xs = 24.41 Ts=/3,45 
(B.1-7) 
(B.1-8) 
(B.1-9) 
(B.1-10) 
Lobb gives the equation for the head of the reflected rarefaction 
wave as: 
(B.1-11) 
Plugging in the appropriate value for /4, this equation becomes: 
X =3.03 T- 4.031T1 
where the limits on Tare from (+l) to (T3) and the limits on X 
are from (-1) to (X3) 
Since Xs = 24.41, from the definition of Xs: 
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(B.1-12) 
(B.1-13) 
'j 
! 
____ .,_ 
or L=~ 4 24.41 (B.1-14) 
Since the low pressure section length is being specified as eight 
feet, the high pressure section will be chosen to fulfill the above 
requirement, i.e., 
(B.1-15) 
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B.2 CALCULATION OF REACTION RATE CONSTANT FOR RUN 4 
Data: W4 = 4.00 P4 = 565 Psia 'Y4 = 1.67 
Pi = 19 mm Hg abs Y1 = 1.22 
W1 = J0.05 
Reactants= 100.0% Ethane 
Products = 98.7% Ethane 
Writing the Taub Equation (2.1): 
B+ = p2 I_ --;=a=a ~~[ ~='4 =-/ ]===[ :2~~ =-1=] =====:; 
Pi . Pi 21/' [[');' +/]? + [')f-t ]] 
I 
Noting that 
_2Y4 
"4-1 
Substituting the appropriate values as shown above, we obtain: 
p 
R2 = 36.87 
I 
Writing Equation (A.2-10): 
Substituting the appropriate values, we obtain the following: 
} = 4.642 OR ~=/4I0°K 
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(2.1) 
(B.2-1) 
(B.2-2) 
(A.2-10) 
(B.2-3) 
·\ 
i 
I 
' i 
.1 
., 
~.1 
The mean fractional conversion is: 
Zm = 100.0-98.7 = 0013 100.0 . (B.2-4) 
Rewriting Equation (5 • .f"}.: 
(5.5) 
By trial and error procedures, the following result was.obtained: 
k = 150 sec-1 (B.2-5) 
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B.J CALCULATION OF GAS CHROMATOGRAPH CALIBRATION CURVE 
In order that meaningful results be obtained from the gas chroma-
tograph printouts, standardized gas samples were run through the chroma-
tograph prior to the unknowns so that a calibration of the instrument 
would be had. Two new variables have been introduced in this analysis 
for the purpose of brevity. They are: E= mol~s offet~~lene and 
mo es o e ane 
f= area under ethylene peak The first variable refers to the mole 
area under ethane peak " 
ratio of ethylene to ethane in a standardized sample while the second 
refers to the ratio of the area under the ethylene peak to the area under 
the ethane peak obtained from the chromatograph recorder printout for 
that particular sample. 
The method of least squares as outlined by Thomas (27) has been 
applied to the calibration points in an effort to obtain a curve relating 
mole ratio to area ratio. The following data was used in determining the 
instrument calibration; 
1 
2 
3 
E 
0.0000 • 
0.0101 
. 0.0204 
r 
0.0377 
0.5600 
1.2130 
Using the least squares method to get the calibration curve: 
Eobs 
0.0000 
0.0101 
0.0204 
robs 
0.0377 
0.5600 
1.2130 
dev = E obs - (m fobs + b) 
0.0000 - O.OJ77m - b 
0.0101 - 0.5600m - b 
0.0204 - 1.2130m - b 
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(dev)2 
(0.0000 0.0377m - b)~ 
(0.0101 - 0.5600m - b) 
(0.0204 - 1.2130m - b)2 
~(dev )2 
. • 
c 
I~' '. i 
f ~J } 
·\ 
ii 
F 
I 
·' 
I j 
'J 
f = 2, (d.ev )2 = a., +(3m2 
?>f .() Om =2µm -()-1T = 0 (B.3-2) 
~= em -8 +2th = 0 (B.3-3) ob 'f-'t 
where a,f], (), 8, cp, 1T are defined from the· expansion and 
manipulation of 2,(dev)2 above • 
carrying out the expansion, we obtain: 
a = 0.0005 
f] = 1. 7864 
e = 3.6214 
8 = 0.0610 
<p = 3.0000 
1T = 0.0608 
Replacing these symbols by their va~ues into the above pair of equations 
and solving simultaneously form and b, we obtain: m = 0.0173 ( ) 
b = 0.0003 B. 3-4 
Thus E = 0.0173f - 0.0003 (B.3-5) 
Realizing that the number of significant decimal places obtainable 
from graphical techniques may not warrant the number of significant figures 
in the above equations, all figures beyond the third decimal place have 
been dropped, resulting in the final calibration equation: 
E-0.0/7 f (B,3-6) 
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This equation appears in graphical form in Figure 24 along with the 
calibration data points, showing that the least squares fit is sufficiently 
accurate for this investigation. 
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APPENDIX C. SUMMARY OF DATA AND CALCULATED VALUES 
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Figure 18 - Gas Chromatograph Printout For Run 1 
75 
<: 
l 
'I 
'l I 
:j 
:J 
I 
-
I µ1 
>-i=~ 
: 
~ 
I 
' 
I 
I 
I 
: 
I 
---
' 
I 
: + ~ ·+-. .L I 
: 
I 
i 
I 
I 
I 
; 
I J 
t 
[ 
-
.... 
-+-
-,--+ 
-e-1-
-j-t- >---f-j 
Area= 
Area= 
26 
14 
99% C2H6 
1 % c2H4 
Attenuation 
Setting 
2,000 
1-t-t--+-1t-t--+-t-+--t--+-1--+---+--·t-t--+-t-\-
t-+-+-+--1-+--t-t-t·--+--+--+-H~t-+-t-1-4-- -
-... ----------- -
:---
t-+--+-+--1-+-t-t-+--+--+-+-K·t----11--+-f- ·t- - -
' 
t-+--+-+--1-+--+-t-+--+--+-+-tt-+-11-t--t-t-+- -
t-+--+-+--1-+--+-f-+rl-+-+-tt-+-11-+-+-t-+- -
t-+-+--+-t-+-+-i-t!--+-.....+-+--+-it-+-+-~-
.-.+-+--+-<--+---+-->-++--O---+-+~, +-+--+-<->-+-4- -
t--+-t-+--1-+-+-r-t+-+--+-+-f+-,+-lt-+-t---'f-l- -
-..... 
t-+-+-+---1-+---t-f-f+-f--+-+--t-·I---IH--l-1-----!- -
t--+-t-+--1-+-t-H-t---+--+-+--t--t---1-+-t-l--t- -
t--+-t-+--1-+--t--H-t---+--+-+--t--+-1f-t---t-t-+- -
Area=14---
Area=24~~~--' 
Figure 19 - Gas Chromatograph Printout For Run 2 
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Figure 20 - Gas Chromatograph Printout For Run 3 
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Figure 21 - Gas Chromatograph Printout For Run 4 
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Figure 22 - Gas Chromatograph Printout For Run 5 
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Figure 23 - Gas Chromatograph Printout For Run 6 
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TABLE 1 
MIXING CONDITIONS FOR STANDARDIZING SAMPLES 
AMBIENT 
CONDITIONS 
T p 
(OF) mm Hg 
abs 
86 762.0 
86 762.0 
86 762.0 
DATE: JUNE 30, 1964 
SAMPLE 
PRESSURE 
Ethylene Total Ethane 
mm Hg mm Hg mm Hg 
abs abs abs 
0 1,425 1,425 
·14 1,432 1,418 
29 1,449 1,420 
TABLE 2 
OPERATING CONDITIONS IN THE SHOCK TUBE 
DATE: JUNE 30, 1964 
DIAPHRAGM SHOCK 
DRIVER TEST PRESSURE AMBIENT TEMPERATURE 
SAMPLE 
CONCENTRATION 
Ethylene Ethane 
' % % 
0 100 
1 99 
2 98 
SHOCK 
SHOCK MACH 
PRESSURE PRESSURE RATIO TEMPERATURE RATIO TEMPERATURE NUMBER 
P4 PJ. P4/PJ. T1 T2/T1 T2 Ms (Psia) mm Hg (OK) (oK) 
abs 
56.5 19 1529 JOJ 4.642 1410 5.8 
565 19 1529 303 4.642 1410 5.8 
565 19 1529 303 4.642 1410 5.8 
81 
I, 
Run 
l* 
2* 
3* 
4 
5 
6 
Run 
4 
5 
6 
TABLE 3 
RESULTS OF CHROMATOGRAPHIC ANALYSES 
Average Area Average Area 
Percent Under Under 
Ethylene# Ethylene Peak Ethane Peak E 
0.0 1.0 26.5 0.0000 
1.0 14.0 25.0 0.0101 
2.0 28.5 23.5 0.0204 
1.3*** 19.5 22.0 0.0131** 
1.0*** 17.0 28.0 0.0103** 
1.5*** 20.0 26.0 0.0151** 
TABLE 4 
RESULTS OF SHOCK TUBE PYROLYSIS OF ETHANE 
Mole Fraction Ethane# 
Temperature In In (OK) Reactants Product 
1410 1.0 0.987 
1410 1.0 0.990 
1410 1.0 0.985 
* Standardizing sample 
** Calculated from: E = o.017f 
***Calculated from: %C2H4 = lxlOO l+E 
tmax 
-1m._ ( sec) 
0.013 170 
0.010 170 
0.015 170 
r 
0.0377 
0.5600 
1.2130 
0.8864 
0.6071 
0.7692 
k 1 (sec-) 
150 
120 
185 
# These results are based on the assumption that the im-
purities in all gases used are neither ethane nor ethylene 
so that concentrations can be on a hydrocarbon basis only. 
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fi~·j,: :i TABLE 5 l 
'{ ., fi! SHOCK TUBE PARAMETERS 
Cl Test Gas - Ethane Driver Gas - Helium 
'.ifi 
ti 
··\i~ 
P2/P1 T2/T1 P4/P1 SJ Ms 
'jf 
.. 1 .. ; 
~\!~ 1.0 1.000 1.000 1.000 
i:1 1.1 1.231 1.038 1.347 1.2 1.484 1.075 1.766 
·r·J 
"~i 1.3 1. 758 1.112 2.268 1.4 2.055 1.148 2.862 
1.5 2.374 1.186 3.561 
1.6 2.714 1.224 4.378 
1.7 3.077 1.264 5.327 
1.8 3.462 1.306 6.425 
1.9 \ 3.869 1.349 7.691 
2.0 4.297 1.394 9.146 
2.1 4.748 1.440 10.81 
2.2 5.220 1.489 12.72 
2.3 5.715 1.540 14.89 
2.4 6.232 1.592 17.37 
2.5 6.770 1.647 20.18 
2.6 7.331 1. 703 23.38 
2.7 7.913 1.762 27.01 
2.8 8.518 1.823 31.12 
2.9 9.144 1.886 35,77 
3.0 9.793 1.951 41.04 
3.1 10.46 2.018 47.00 
3.2 11.16 2.087 53.74 
3.3 11.87 2.158 61.35 
3.4 12.61 2.232 69.96 
3.5 13.36 2.307 79.69 
3.6 14.14 2.385 90.68 
3.7 14.95 2.465 103.1 
3.8 15.77 2.547 117.2 
3.9 16.62 2.631 133.0 
4.0 17.49 2.717 151.0 
4.1 18.38 2.806 171.4 
4.2 19.29 2.897 194.4 
4.3 . 20.22 2.989 220.5 
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TABLE 5 
-
CONTINUED 
Ms P2/PJ. T2/T1 P4/P1 ;ir·l 
. ~1il 
~>t 4.4 21.18 3.084 ''i 250.1 : . ~; l fl1 
'·t 4.5 22.16 3.182 283.8 ''"' r:1· 4.6 23.16 3.281 321.9 ·.\. lt 4.7 24.18 3.}82 365.3 ,, 4.8 25.22 3.486 414.7 
., 'i 4.9 26.29 3.592 470.9 \'; 
~} 5.0 27.38 3.700 535.0 5.1 28.49 3.810 608.3 >:]~ 5.2 29.62 3.922 692.0 
. ·.J,t 5.3 30.77 4.037 787.8 !. i~f! 5.4 31.95 4.153 897.7 
5.5 33.15 4.272 1,024 
5.6 34.37 4.393 1,169 
5.7 35.61 4.516 1,336 
5.8 36.87 4.642 1,529 
5.9 38.16 4.769 1,752 
~{:: 6.o 39.47 4.899 2,011 
" 
. jJ' 6.1 40.80 5.031 2,311 
J.-;!J 6.2 42.15 5.165 3,661 6.3 43.52 5.301 3,068 f ,, ·:· t~ 
6.4 44.92 5.440 3,545 :,, 6.5 46.34 5.580 4,105 6.6 47.78 5.723 4,76J 
,_.,:.:,ft 6.7 49.24 5.868 5,539 'I I ,~); ' :,. 6.8 50.72 6.015 6,457 ,';{ 1 
;i} '.j 6.9 52.23 6.164 7,547 
,. 7.0 53.76 6.316 8,846 
7.1 55.31 6.469 10,400 
7.2 56.88 6.625 12,260 
7.3 58.47 6.?83 14,510 
7.4 60.09 6.943 17,230 
7.5 61.72 7.105 20,540 
7.6 63.38 7.270 24,580 
7.7 65.07 7.437 29,560 
7.8 66.77 7.606 35,700 
7.9 68.50 7.777 43,340 
8.0 70.24 7.950 52,910 
8.1 72.01 8.125 64,960 
8.2 73.80 8.303 80,270 
8.3 75.62 8.482 99,870 
8.4 77.45 8.664 125,200 
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8.5 
8.6 
8.7 
8.8 
8.9 
9.0 
9.1 
9.2 
9.3 
9.4 
9.5 
9.6 
9.7 
9.8 
9.9 
10.0 
TABLE 5 - CONTINUED 
79.31 
81.19 
83.09 
85.02 
86.96 
88.93 
90.92 
92.93 
94.96 
97.02 
99.09 
101.2 
103.3 
105.4 
107.6 
109.8 
8.848 
9.035 
9.223 
9.414 
9.607 
9.802 
9.999 
10.20 
10.40 
10.60 
10.81 
11.02 
11.23 
11.44 
11.65 
11.87 
85 . 
158,200 
201,600 
259,600 
337,700 
444,500 
592,700 
801,800 
1,102,000 
1,544,000 
2,207,000 
3,231,000 
4,862,000 
7,555,000 
12,190,000 
20,600,000 
36,800,000 
'' \ 
\ 
APPENDIX D. CALIBRATIONS 
/ 
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r 
0.7 o.8 0.9 1.0 1. 1 1.2 
r= Area Under 
c2H~ Curve 
Area Under C2H6 Curve 
Moles of c2H~ in Sam:ele 
E = Moles of C2H6 in Sample 
Fi'gure 24 - Gas Chromatograph Calibration Curve 
87 
r, 1r~, ;: ... 1.,.,J 
''~f 
'.'li~ 
,, ,,t,, 
'';j~iJ 
' i;>',, 
: tt~\ 
il (·:l,ia 
tJJf _ 
I 
Tester 
Pressure 
(Psig) 
10 
20 
JO 
40 
50 
60 
70 
80 
90 
100 
110 
120 
lJO 
140 
150 
160 
170 
180 
190 
200 
210 
220 
2JO 
240 
250 
260 
270 
280 
',f 
t'' r, 
'l 
, r 
'' TABLE 6 ,' ,, 
CALIBRATION OF DRIVER PRESSURE GAGE 
Range: 0-600 Psig in 5 Psi Subdivisions (Ashcroft) • 
Date: April 28, 1964. 
Tester: Ashcroft Gage Tester Model lJOO. 
Gage Tester Gage 
Pressure Pressure Pressure 
(Psig) (Psig) (Psig) 
14 290 290 
24 JOO JOO 
J4 JlO JlO 
44 J20 J20 
54 JJO JJO 
64 J40 J40 
74 350 J50 
84 360 J60 
94 J70 J70 
lOJ J80 J80 
112 J90 J90 
122 400 400 
1J2 410 410 
140 420 420 
150 4JO 4JO 
160 440 440 
170 450 450 
180 460 460 
190 470 470 
200 480 480 
210 490 490 
220 500 500 
2JO 510 510 
240 520 520 
250 5JO 530 Extrapolated 
260 540 540 
270 550 550 
280 560 560 
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NOMENCLATURE 
J 
} 
NOMENCLATURE i ./ 
a Speed of sound, ft/sec 
b Intersection on Figure 24 
C Root mean square velocity, cm/sec 
1J Specific heat at constant pressure, Btu/lb-°F 
' I 
Cv Specific heat at constant volume, Btu/lb-°F 
E-C T 
- V Internal Energy 
H Enthalpy 
k Reaction rate constant, sec-1 
L Section length, feet 
m Slope of curve on Figure 24 
M =us Shock Mach number s-
a1 
p Pressure 
t Time, seconds 
T 0 Temperature, K 
u Velocity, ft/sec 
w Molecular Weight 
x Mean molecular displacement, cm 
X= ~ Dimensionless length 
Z Instantaneous fractional conversion of ethane 
Zm Mean fractional conversion of ethane 
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) ·' 
a, Constant in F.quation (B.J-1) 
~ Constant in Equation (B.J-1) 
'j Specific heat ratio 
:r Chromatograph peak area ratio of ethylene to ethane 
8 Constant in Equation (B.J-1) 
E Chromatograph mole ratio of ethylene to ethane 
() Constant in Equation (B.J-1) 
I\. Mean free path, cm 
1T Constant in F.quation (B.J-1) V 
Density, lb/cu ft 
Dimensionless time 
Constant in Equation (B.J-1) 
,,---. 
[ J Concentration of component within parenthesis, moles/unit volume 
SUBSCRIPI'S: 
1 Refers to conditions in test section before diaphragm rupture. 
2 Refers to conditions between shock wave and contact surface. 
3 Refers to conditions between contact surface and reflected 
rarefaction wave. 
4 Refers to conditions in driver section before diaphragm 
rupture. 
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Defining Dynamic And Thermodynamic Relations: 
Internal Energy 
Enthalpy 
Shock Mach Number 
p =PRT Ideal Gas Law 
Specific Heat Ratio 
Ideal Gas Law Constant 
Speed of Sound 
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